As previously shown, a small amount of polynucleotide material is added to parental T4 deoxyribonucleic acid (DNA) molecules within the first 5 min of infection. I have asked whether this process is essential for phage replication. Two approaches-one involving decay of "2P incorporated into this "early DNA" and the other involving photoinactivation of bromodeoxyuridine-containing early DNA-indicate that it is.
Within the first 5 min of infection by bacteriophage T4, polynucleotide material is covalently added to parental deoxyribonucleic acid (DNA) molecules (4) , to the extent of approximately 0.06 phage-equivalent units of new material per parental molecule. This process occurs before DNA replication has commenced, and occurs independently of the enzyme systems needed to support replication. To date, we know very little about the molecular nature of this "early DNA"-i.e., its overall nucleotide composition, whether it is added terminally or internally, whether it is added to both strands, the enzymatic route for its synthesis, and so forth. As a prelude to further studies on these questions, it seemed appropriate to ask whether the process of early DNA formation is biologically significant. The experiments reported in this note indicate that it is.
Bacterial strains used were Escherichia coli B and its thymine-requiring derivative, B3. Phage strains used were T4BO1 and its thymidylate synthetase-negative derivative T4td8 (6 of L-tryptophan per ml as adsorption cofactor. Tris-glucose medium (1 ml) was placed in a growth tube containing 600 uc of carrier-free H3PO4 which had been evaporated to dryness; this mixture was incubated at 37 C for 10 min to label nucleotide pools. The culture (0.3 ml) was added to a growth tube containing 1.5 X 106 T4BOI particles (to give an average multiplicity of 0.01; culture a). Another 0.3-ml portion was added to a tube containing phage at the same multiplicity of infection, plus 0.1 ml of 0.1 M phosphate buffer, pH 7.0 (culture b). To the remaining cells were added phage at the same multiplicity of infection (culture c). At 5 miii, 0.1 ml of phosphate buffer was added to culture a, and cultures a and b were both chilled, centrifuged to remove unadsorbed phage, and each culture was resuspended in 2 ml ofcold glycerol-Casamino Acids medium (2). Culture c was incubated for 90 min, treated with chloroform, centrifuged at low speed, and the supernatant fraction was made up to 2.0 ml with glycerol-Casamino Acids medium. A fourth culture, d, was made up identically to culture b, except that isotopic phosphorus was never present. Samples (I ml) from each culture were stored at -70 C and assayed for plaque-forming titer over the next few weeks. Symbols: (A) culture a, prelabeled cells, labeled early DNA; (V) culture b, prelabeled cells, unlabeled early DNA; (0) culture c, fully labeled phage; and (a) culture d, unlabeled control. Part B, photoinactivation of BU-containing early DNA. A 20-ml amount ofE. coli B3 was grown at 37 C in Tris-glucose medium containing 10 ,ug of thymidine per ml to a cell density ofapproximately 2.5 X 108/ml. The cells were centrifuged, washed in Tris-glucose salts, and resuspended in 20 ml of Tris-glucose medium containing glucose but no thymidine. Three 5-ml cultures were incubated at 37 C. To culture a was added 10 pig of thymidine per ml; to cultures b and c, 10 pug of BUDR per ml. At 30 min, 20 pAg ofL-tryptophan per ml was added, and each culture was infected at an average ence 1). Accordingly, a more specific label for DNA was sought. Stahl et al. (7) found that phage in which 5-bromodeoxyuridine (BUDR) is substituted for thymidine is more sensitive than normal phage to inactivation by near-ultraviolet light, and more recently Eisenberg and Pardee (la) have used irradiation with near-ultraviolet light to inactivate specific bacterial genes. Accordingly, I measured the relative light sensitivities of infective centers from cells harvested 5 (Fig. 1B) confirm the idea that formation of undamaged early DNA is essential for normal phage replication. Curve b, obtained with normal parental DNA and BU-labeled early DNA, is intermediate between curves a and c, the fully T-labeled and fully BU-labeled controls, respectively. Moreover, curve b appears to be biphasic, as might be expected from the fact that the infective centers in culture b contain two inactivation targets of differing light sensitivities, i.e., normal parental DNA and BU-labeled early DNA. It should be noted that the presence of BUDR during the first 5 min of infection did not affect the ability of unirradiated cells to complete a cycle of infection, for the initial titers of cultures A and B (before irradiation) were identical.
The above experiments do not conclusively establish that early DNA must be formed for phage to replicate, but they are certainly in accord with this idea. What the experiments actually show is that, once formed, early DNA must maintain its integrity for a productive cycle of infection to be completed. One VOL. 5, 1970 undergo nicking after infection, the parental strands are still intact at 3 min after infection (3). In our laboratory, alkaline sucrose gradient centrifugation of parental DNA as late as 5 min after infection shows little degradation (unpublished data). (ii) Nicking of parental DNA would be expected to release acid-soluble material to the medium. Yet less than 1% of 32P in parental DNA is released within the first 5 min (5). (iii) Even if some damage and repair do take place, many of these events would occur at "silent" regions of the T4 genome, where inactivation would not destroy plaque-forming capacity. It seems impossible, in light of points (i) and (ii), that sufficient 32p, in the P2p suicide experiment, would be incorporated into essential genes by repair for the inactivation slope to be one-fourth of that observed for fully labeled phage.
In summary, the results of two types of experiments involving intracellular inactivation of early DNA are in agreement with the idea that formation of this material is an essential process in T4 multiplication. 
